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Abstract 41 
Background: More evidence is needed in order to conclude that a specific program of exercise 42 
and/or cognitive training warrants prescription for the prevention of cognitive decline. We 43 
examined the effect of a group-based standard exercise program for older adults, with and 44 
without dual-task training, on cognitive function in older adults without dementia. Methods: We 45 
conducted a proof-of-concept, single-blinded, 26-week randomized controlled trial whereby 46 
participants recruited from pre-existing exercise classes at the Canadian Centre for Activity and 47 
Aging in London, Ontario were randomized to the intervention group (exercise + dual-task; 48 
EDT) or the control group (exercise only; EO). Each week (2 or 3 days/week), both groups 49 
accumulated a minimum of 50 minutes of aerobic exercise (target 75 minutes) from standard 50 
group classes and completed 45 minutes of beginner-level Square Stepping Exercise (SSE). The 51 
EDT group was also required to answer cognitively challenging questions while doing beginner-52 
level SSE (i.e., dual-task training). The effect of interventions on standardized global cognitive 53 
function (GCF) scores at 26 weeks was compared between the groups using the linear mixed 54 
effects model approach. Results: Participants [n = 44; 68% female; mean (SD) age: 73.5 (SD 55 
7.2) years] had on average, objective evidence of cognitive impairment [Montreal Cognitive 56 
Assessment scores, mean (SD): 24.9 (1.9)] but not dementia [Mini-Mental State Examination 57 
scores, mean (SD): 28.8 (1.2)]. After 26 weeks, the EDT group showed greater improvement in 58 
GCF scores compared to the EO group [difference between groups in mean change (95% CI): 59 
0.20 SD (0.01 to 0.39), p = 0.04]. Conclusion: A 26-week group-based exercise program 60 
combined with dual-task training improved GCF in community-dwelling older adults without 61 
dementia. Trial Registration: ClinicalTrials.gov Identifier: NCT01572311 62 
Key Words: exercise; cognition; community-based; prevention; older adults 63 
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Introduction 64 
The incidence of cognitive impairment without meeting the diagnostic criteria for dementia (i.e., 65 
cognitive impairment, not dementia; CIND), is currently two-fold greater than the incidence of 66 
Alzheimer’s disease and related dementias (33). Consequently, early prevention strategies for 67 
ameliorating cognitive decline should be directed towards persons who are at elevated risk and 68 
prior to the establishment of significant objective cognitive impairment or dementia, in order to 69 
observe the best clinical outcomes (20).  70 
A recent editorial (23) suggested that the identification of modifiable risk factors associated with 71 
specific cognitive deficits is a significant priority in cognitive research and clinical practice. 72 
Numerous observational studies have demonstrated that those who are more physically active are 73 
less likely to experience cognitive decline and dementia in later life (3, 4). Aerobic exercise 74 
training can facilitate heightened task-related cortical activity, improve performance on 75 
executive function (EF) tasks (8), and increase hippocampal volume (12) in cognitively healthy 76 
older adults, as well as promote increased hippocampal volume (46), improve neural efficiency 77 
and task performance during semantic memory retrieval tasks (42), and improve global cognitive 78 
functioning (24) in older adults with mild cognitive impairment (MCI).  Despite these initial 79 
observations, the effects of exercise training on cognitive functioning appears to be dependent 80 
upon a number of factors (i.e., the type of exercise program, the duration and frequency of 81 
exercise training, and participant demographics), and remains incompletely understood (16, 25). 82 
In 2011, an expert panel concluded that due to the low quality of the existing evidence, there was 83 
insufficient evidence to support the association of any modifiable risk factors (including 84 
cognitive and physical activities) with risk of cognitive decline (10).  85 
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Engaging in cognitively challenging activities requires the organization and direction of 86 
numerous neurological processes, including EF, processing speed, and memory (21), and has 87 
been found to stimulate neuroplasticity in aging (22). Dual-task training is a multi-dimensional 88 
cognitive training intervention that combines cognitive and motor tasks to directly train the EF 89 
networks of the brain (32) and evidence suggests that the associated dual-task neurological 90 
control processes are plastic and can be modified with training (11).  A recent meta-analysis 91 
highlighted the cognitive and functional benefits of dual-task training (25); however, there were 92 
a limited number of articles included in the analysis (n=8) and few studies investigated the 93 
effects of dual-task training among older adults with indications of cognitive impairment.   94 
Observational studies have also implicated social and cognitive disengagement as modifiable 95 
risk factors associated with cognitive impairment and dementia (37). Group-based senior’s 96 
fitness programs can help alleviate these concerns by providing an atmosphere that involves 97 
socialization with peers of similar age.  Although recent evidence has highlighted the cognitive 98 
benefits of group-based exercise training (30, 36, 50), these studies were limited by small sample 99 
sizes, a lack of standardized socialization components between study groups, heterogeneity in the 100 
interventions between studies, and the omission of active control comparisons or longitudinal 101 
follow-up. 102 
Square Stepping Exercise (SSE) is a low-cost and easily administered group-based exercise 103 
intervention that involves replicating a previously demonstrated stepping pattern in order to 104 
progress across a gridded floor mat. Although SSE was originally designed and deemed effective 105 
for improving lower extremity functional fitness and reducing falls risk factors in high-risk 106 
elderly fallers (41), recent results suggest that SSE may improve cognition [i.e., memory, and EF 107 
(39), and global cognition, attention, and mental flexibility (45)]. The excellent long-term 108 
 5 
adherence to SSE (i.e., regular participation over a 4-year longitudinal follow-up) is driven by a 109 
number of factors, including the simplicity of the exercise program and the facilitation of the 110 
development of friendship and social communication between peers of similar age (40).  These 111 
preliminary observations suggest that SSE may be an effective avenue to address multiple 112 
important risk factors for cognitive decline  (i.e., cognitive and social disengagement) and that 113 
the incorporation of SSE within group-based exercise programs might provide additive cognitive 114 
benefits.  Furthermore, the incorporation of a dual-task component and the associated additional 115 
level of difficulty to the cognitive requirements of beginner-level SSE may provide cognitive 116 
benefits above and beyond that which could be expected from the practice of beginner-level SSE 117 
alone. 118 
The current evidence is insufficient to conclude that a specific program of physical exercise 119 
and/or cognitive training warrants prescription for older adults to prevent future cognitive decline 120 
(15, 25). The purpose of this study was to examine the effect of combining a group-based 121 
exercise program with dual-task training on cognitive function in active older adults with 122 
indications of CIND Our primary objective was to examine the difference between groups 123 
(group-based exercise with dual-task training versus group-based exercise alone) on change in 124 
global cognitive functioning (GCF) following a 26-week program. We hypothesized that the 125 
combination of group-based exercise with dual-task training would improve GCF to a greater 126 
extent than group based exercise alone.  127 
Methods: 128 
Participants 129 
Participants were recruited from pre-existing exercise classes at the Canadian Centre for Activity 130 
and Aging (CCAA) (5) in London, Ontario via fliers, class announcements, and class rosters. All 131 
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participants were aged 55 to 90 years, were current and active members of CCAA exercise 132 
programs, demonstrated preserved instrumental activities of daily living (Lawton-Brody 133 
instrumental Activities of Daily Living scale >6) (26), and scored ≤27 on the Montreal Cognitive 134 
Assessment (MoCA) (29). The MoCA score cut-off used in this study is slightly above the 135 
traditional cut-off indicative of cognitive impairment (<26)(29). The relatively healthy, highly 136 
educated, and ethnically uniform nature of the participants in this study (compared to participants 137 
used to inform normative data) (29), suggests that it may be warranted to use a higher cut-off to 138 
indicate subtle underlying cognitive difficulties and to identify individuals who may be at 139 
increased risk for future cognitive decline (35).  140 
All participants were free of dementia [based on self-reported physician diagnosis or Mini-141 
Mental State Examination (MMSE) score <24] (14), major depression (based on scoring Centre 142 
for Epidemiological Studies-Depression Scale (34) >16 combined with clinical judgment by the 143 
primary study physician), and other neurological or psychiatric disorders.  Furthermore, 144 
participants who were unable to comprehend study procedures, or those with significant 145 
orthopaedic conditions, a recent history of severe cardiovascular conditions, or those who 146 
currently demonstrated blood pressure unsafe for exercise (47), were also excluded. The Western 147 
University Health Sciences Research Ethics Board approved this study and all participants 148 
provided written informed consent. 149 
Study Design 150 
We conducted a proof-of-concept, single-blinded, 26-week randomized controlled trial with a 151 
26-week, no-contact follow-up.  Assessments were performed at baseline (V0), 12 weeks (V1), 152 
26 weeks (V2), and 52 weeks (V3). After V0, participants were randomized 1:1 (in one block) to 153 
either the intervention group (exercise + dual-task; EDT) or the control group (exercise only; 154 
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EO). The randomization sequence was computer-generated and concealed envelopes were used 155 
to assign group status. All assessors were blinded to group assignment.  156 
Interventions  157 
Over 26 weeks, participants took part in either a group-based exercise program alone [control 158 
group: exercise only (EO)] or with the addition of a dual-task training program [intervention 159 
group: exercise + dual-task (EDT)]. 160 
Participants in both groups continued to attend their CCAA group-based exercise classes for 161 
older adults that were led by certified CCAA Seniors’ Fitness Instructors (6) and involved 162 
aerobic exercise (largest component), as well as strength, balance, and flexibility training. 163 
Participants attended the structured 60-minute or 75-minute group-based exercise classes, 2 or 3 164 
times per week. Our focus was on keeping the prescribed aerobic exercise similar between 165 
groups; participants performed a minimum of 50 minutes (classes 2 days/week) to a maximum of 166 
75 minutes (classes 3 days/week) of aerobic exercise from the classes. For those who only 167 
attended classes 2 days/week, these participants were instructed to log an additional 25 minutes 168 
of aerobic exercise each week outside of class (using a paper log provided). Individualized 169 
exercise training intensities were provided as part of the CCAA exercise program through one of 170 
two avenues: i) from performance on an annual maximal exercise stress test, or ii) following 171 
recommendations by Tanaka et al., (44) for those who abstained or were unable to complete the 172 
maximal exercise stress test.  Participants were required to monitor and record their exercise 173 
intensity, before, at the mid-point, and immediately following the aerobic exercise portion of 174 
each class, and were instructed to try to meet their target heart rate (70-85% maximum heart 175 
rate). Thus, the amount of aerobic exercise performed per week was balanced between groups. 176 
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Immediately following exercise classes, participants took part in beginner-level SSE (41) (45 177 
minutes per week, over 2 to 3 days/week). The SSE is a low-cost, indoor group exercise that was 178 
specifically developed to improve lower extremity functioning and prevent related disability in 179 
older adults (41). The SSE can be conceptualized as a visuospatial working memory task that 180 
requires a stepping response; however, the cognitive demands of the SSE are dependent upon the 181 
level of difficulty of the foot placement patterns being performed and progression through the 182 
stepping protocols. Both groups performed beginner SSE protocols only, requiring participants 183 
to observe and memorize an instructor-led demonstration of a specific stepping pattern involving 184 
simple forward, lateral and diagonal foot placements on a gridded mat (see Figure, Supplemental 185 
Digital Content 1, depiction several beginner SSE foot placement patterns). After adequate 186 
demonstration, participants were organized into groups of 6 or less, and were required to walk at 187 
a normal pace while replicating the previously demonstrated pattern. The beginner protocols 188 
were retained throughout the duration of the intervention, as they were not considered to provide 189 
a cognitive training stimulus on its own, and served as a lower extremity coordination exercise 190 
shared by both groups.   191 
To provide the dual-task stimulus, participants in the intervention (EDT) group were also 192 
required to respond to cognitively challenging questions (i.e., semantic and phonemic verbal 193 
fluency tasks; randomly generated arithmetic) while participating in SSE. Specifically, 194 
participants were required to respond to verbal cognitive tasks during the dual-task SSE sessions 195 
as follows: i) seven minutes of randomly generated arithmetic (i.e., a two-digit number 196 
subtracted from, or added to a three-digit number); ii) one minute break (i.e., no dual-task 197 
component); iii) seven minutes of verbal fluency tasks (i.e., semantic or phonemic categories that 198 
were rotated every 90 seconds). Responses to questions were not recorded, but participants were 199 
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encouraged to perform correct arithmetic and to avoid repeating previous responses. The control 200 
(EO) group did not perform dual-task training (i.e., participants in this group were not required to 201 
answer verbal fluency or arithmetic tasks while performing the SSE).   202 
Participants in both groups performed the same amount of aerobic exercise each week, and 203 
interacted with study investigators at the same frequency and relative intensity, with the only 204 
difference being the verbal fluency and arithmetic tasks that were added to the SSE component 205 
in the EDT group (see Table, Supplemental Digital Content 2, overview of the interventions). 206 
Thus, the intervention was aimed at determining the cognitive benefit of incorporating a dual-207 
task component to beginner level SSE compared to the active control (sham) condition of SSE 208 
alone, while also controlling for the social benefits that accompany group-based exercise training 209 
among aerobically-active older adults. 210 
Attendance was recorded at all sessions, which was used to calculate compliance to the 211 
intervention. After the 26-week intervention, participants continued with their regular activities 212 
with no intervention by the research team for the 26-week no-contact follow-up and until the 213 
completion of the 52-week study period. 214 
Baseline Variables 215 
Participant demographic and clinical characteristics were collected at baseline and 216 
included: age, sex, race, education, medical history, self-reported cognitive complaint, 217 
objectively measured body mass index (BMI), and fitness level [i.e., predicted maximal oxygen 218 
uptake (VO2max)].  Predicted VO2max was determined via the Step Test and Exercise Prescription 219 
(STEP) tool (43), which involves stepping up and down a set of standardized steps 20 times at a 220 
self-selected pace. As there were no modifications to the aerobic exercise component of the 221 
CCAA group-based exercise classes, improvements in cardiorespiratory fitness were not 222 
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anticipated; however, the STEP test was repeated at follow-up assessments for the sole purpose 223 
of providing a better understand our study findings (i.e., not to be used as an outcome measure). 224 
Outcomes 225 
The primary outcome of the study was 26-week change in global cognitive function (GCF) based 226 
on a composite score from a neuropsychological battery that covered four cognitive domains. 227 
The selected battery included reliable and well-validated (17) measures of executive 228 
function/mental flexibility [Trail-Making Tests, Part A and Part B (Trails A and Trails B)], 229 
processing speed [Digit-Symbol Substitution Test (DSST)], verbal learning and memory 230 
[Auditory Verbal Learning Test (AVLT)], and verbal [category: semantic (animal naming)] and 231 
phonemic [letter: Controlled Oral Word Association (COWA) Test] fluency. Secondary 232 
outcomes were 12- and 52-week changes in GCF, as well as, 12-, 26-, and 52-week changes in 233 
composite scores for executive function/mental flexibility (EF), processing speed (PS), verbal 234 
learning and memory (VLM), and verbal fluency (VF).  235 
For all tests except Trails A and Trails B, a low score indicated poor performance. In order to 236 
make the tests more comparable for creating the GCF composite, observed scores from Trails A 237 
and B were subtracted from maximum scores observed in our study (71 and 200, respectively) 238 
following previously published methods (27). Due to non-normal distributions, for the 239 
examination of Trails A, Trails B and the EF composite separately, log transformations were 240 
applied prior to standardization.  Composite scores were then derived by first converting all 241 
individual outcomes from neuropsychological tests to standardized z scores (subtracting baseline 242 
group mean from raw score and dividing by the baseline group SD). Next, standardized scores 243 
were averaged within each domain (e.g., standardized scores for AVLT number of words learned 244 
and AVLT number of words recalled were averaged to created a single standardized VLM 245 
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composite score). Finally, domain-specific composite scores were averaged to create the GCF 246 
score, ensuring the four cognitive domains were weighted equally.  247 
Power and Sample Size 248 
We estimated that a total of 48 participants (24 participants per group) would be a reasonable 249 
sample size for this proof-of-concept RCT. Specifically, with 20 participants per group, our 250 
study would have 80% power to detect a large effect size of 0.9 for standardized GCF change at 251 
26 weeks, at the 5% significance level. We assumed a dropout rate of 20%, which increased our 252 
calculation to 24 participants per group. Since we recruited 44 participants, we can conclude that 253 
our study had 80% power at the 5% significance level to detect an effect size of 0.95, while 254 
accounting for a dropout rate of 15% that we observed in this study at 26 weeks. We were unable 255 
to reach our goal of 48 participants primarily to due competing time demands or lack of interest. 256 
Statistical Analysis 257 
Baseline scores for all individual outcomes from the neuropsychological tests were compared 258 
between groups. We used a mixed model for repeated measurements to examine differences 259 
between groups at 26 weeks in GCF.  We retained the baseline value as part of the outcome 260 
vector and constrained the group means as equal to reflect balance of baseline values due to 261 
randomization; time was modelled categorically using indicator variables. All analyses were 262 
based on the intent-to-treat principle. Thus, all randomized participants (n = 44) were included in 263 
analyses according to the group they were randomized and regardless of compliance with the 264 
intervention and data at follow-up. An advantage of the mixed effects regression modeling 265 
approach is that it does not require each subject to have the same number of measurements, 266 
provided the data are missing at random which is an assumption made by most multiple 267 
imputation methods (13). The same modeling approach was carried out for all individual 268 
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standardized cognitive outcomes from neuropsychological tests and for the standardized 269 
cognitive domain-specific composite scores. The mixed effect model approach was also adopted 270 
to examine differences between groups in mean change from baseline to 12 and 52 weeks. In 271 
addition, two sensitivity analyses were performed for each outcome: 1) analyses additionally 272 
adjusted for age, sex, baseline fitness and type 2 diabetes status at baseline; and 2) analyses were 273 
restricted to all-completers (i.e., only the 37 of the 44 participants who completed the 26-week 274 
intervention and follow-up assessment were included). Results from adjusted analyses and “all-275 
completer” analyses were similar (i.e., conclusions did not change) and thus not presented. Two-276 
sided P-values less than 0.05 were claimed as statistically significant. Analyses were performed 277 
using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).  278 
Results: 279 
Participants were enrolled starting on June 13, 2012 and data collection ended on May 5, 2014. 280 
Figure 1 shows the flow of study participants. A total of 59 individuals were assessed for 281 
eligibility and 15 were excluded from the study (13 did not meet inclusion criteria, primarily 282 
because of high MoCA scores and 2 declined to participate). This left 44 individuals who were 283 
enrolled and randomized to the EDT group (n = 23) or the EO group (n = 21). The slight 284 
imbalance between groups is a result of the randomization sequence being generated in one large 285 
block that corresponded with our intended sample size (n=48). In total, 7 (16%) were withdrawn 286 
due to medical reasons unrelated to the study (n=4) or loss of interest (n=3) by the end of the 26-287 
week intervention, and one participant 8 (18%) was unwilling to attend final assessments 288 
following the additional 26-week no-contact follow-up period (n = 4 withdrawn from each 289 
group).  In total, 2 participants (5%) experienced adverse events that were possibly or probably 290 
study-related (bruising in 1 participant due to a study assessment procedure and cramping 291 
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following exercise in 1 participant). All participants recovered without further issues. Of the 292 
participants who completed the intervention (37/44 participants), compliance was 78% or higher.  293 
Participant characteristics were similar between groups (see Table 1). Participants had a mean 294 
age of 73.5 (SD 7.2) years, just over two-thirds were female; most (98%) were Caucasian and all 295 
participants were highly educated [mean years: 16.5 (SD 2.5)]. Slightly over half of all 296 
participants reported that their memory was worse than five years earlier and on average, 297 
participants had evidence of cognitive impairment [MoCA scores, mean (SD): 24.9 (1.9)] but not 298 
dementia [MMSE scores, mean (SD): 28.8 (1.2)].  299 
Baseline scores on all individual cognitive measures were also similar between groups (see 300 
Table 2). On average, study participants had better scores at baseline on Trails A and Trails B, 301 
compared to mean scores from normative data for older adults of similar age and education (48). 302 
When comparing to normative data for a slightly younger population but with similar education 303 
levels, our sample performed similarly for number of words by category (in 1 minute) but worse 304 
for number of words by letter (in 1 minute) (49). Performance at baseline on the remainder of the 305 
measures was similar to normative data that has been compiled from other cognitively healthy 306 
samples of older adults (18, 38). 307 
The effect of our exercise intervention on change in standardized GCF at 26 weeks is shown in 308 
Figure 2. At 26 weeks, there was greater improvement in standardized GCF in the EDT group 309 
compared to the EO group (p = 0.04); this difference was not seen at 12 or 52 weeks (i.e., 26 310 
weeks after the end of the intervention period). Specifically, the EDT group had mean 311 
standardized GCF change scores that were 0.20 SD higher (95% CI: 0.01 to 0.39) when 312 
compared to the EO group at 26 weeks (see Table 3).  313 
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At 26 weeks, the EDT group showed significant improvements in both standardized VLM and 314 
VF scores, but not standardized EF or PS scores, when compared to the EO group (see Figure 315 
3). For instance, at 26 weeks, the EDT group had standardized VLM scores that were 0.30 SD 316 
higher (95% CI: 0.04 to 0.56) than the EO group. As shown in Table 3, the total number of 317 
words learned, rather than number of words recalled, accounted for much of this difference 318 
between groups for the standardized VLM score. At 26 weeks, the EDT group had VF 319 
standardized scores that were 0.62 SD higher (95% CI: 0.22 to 1.02), compared to the EO group.  320 
Discussion: 321 
Following 26 weeks of a group-based exercise program for older adults and dual-task training, 322 
we found improvements in global cognitive function, when compared to the group-based 323 
exercise program alone. These group differences were not seen by 12 weeks nor did they remain 324 
26 weeks after the end of the intervention. We also found that these improvements were 325 
primarily driven by improvements in verbal fluency and verbal learning and memory.  326 
Results from a recent meta-analysis suggest that exercise interventions impart a subtle but 327 
significant effect on verbal fluency outcomes and no consistent benefit to memory processes 328 
(15); however, the influence of exercise on verbal fluency and verbal learning and memory is 329 
inconsistent and appears to depend upon the specific components of the intervention (i.e., 330 
frequency, intensity, time, and type) and the cognitive status of the participants.  For instance, 331 
short-term (i.e., 4 weeks) moderate to vigorous intensity multiple modality exercise training can 332 
improve verbal fluency (i.e., letter and category verbal fluency tasks) among previously 333 
sedentary older adults with healthy cognition (31), while it appears that longer duration (i.e., 6- 334 
to 12-months) aerobic (1) and multiple modality exercise training interventions are required to 335 
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improve verbal fluency (i.e., letter verbal fluency tasks only) among older adults with amnestic 336 
MCI.  337 
Improved cardiorespiratory fitness appears to be an important mediator of improved cognition 338 
following physical exercise training (8) and the cognitive benefits imparted following cognitive 339 
training are traditionally highly domain-specific (9). Greater improvements in verbal fluency for 340 
the EDT group at 12 and 26 weeks are not surprising since this group had relatively preserved 341 
cognition, there were no modifications of the aerobic component of the exercise program nor 342 
were there any between group differences in the cardiorespiratory response to the intervention 343 
(data not shown), and the EDT participants performed verbal fluency tasks while doing square-344 
stepping exercise (tasks that were different from those used during assessments).  345 
Greater improvements in verbal learning and memory for the EDT group may be related to the 346 
fact that these participants had to both remember and execute square-stepping exercise patterns 347 
and answer questions where they were encouraged to actively remember and avoid repeating 348 
answers they had already provided. 349 
Improved memory performance has not been consistently observed following aerobically based 350 
exercise training but has been linked with isolated resistance exercise training (15).  Thus, the 351 
observed improvements in verbal learning and memory within the EDT group may be attributed 352 
to the memory requirements of the dual-task square-stepping exercise. Other studies, however, 353 
have suggested the potential for both aerobic and resistance training to improve memory 354 
performance in older adults with probable MCI (28) and stimulate increased hippocampal 355 
volume in older women with probable MCI (46).  Further research on the impact of exercise on 356 
memory performance is required to elucidate the memory-related benefits of physical exercise 357 
training, among healthy older adults and those with indications of cognitive impairment.  358 
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While there were no group differences in processing speed, both groups demonstrated 359 
improvements following the intervention. These findings may be related to both groups 360 
participating in standard group-based exercise programs and beginner-level square-stepping 361 
exercise (i.e., similar processing speed requirements) and previous meta-analyses have reported 362 
only moderate effect sizes for the influence of exercise on processing speed (7). Since our 363 
participants were active prior to the initiation of our intervention and our intervention did not 364 
change the amount of aerobic exercise that participants were receiving, this may have 365 
contributed to the lack of observed improvement in executive function (8). This may also suggest 366 
that the observed improvements in global cognitive function within both groups occurred as a 367 
result of the cognitive stimulation provided by square-stepping exercise alone and even further 368 
by square-stepping exercise combined with cognitive tasks (45). Barnes and colleagues (2) 369 
conducted a factorial RCT and observed significant improvements in global cognitive function 370 
following 12 weeks of mental activity, exercise, or combined mental activity and exercise, but no 371 
differences between intervention and active control groups. It is likely that differences in study 372 
design contributed to discrepancies with our findings. For example, Barnes et al. (2) recruited 373 
ethnically diverse and previously sedentary older adults. As well, the intervention was 12-weeks 374 
in length and involved different types of cognitive training and active control groups. However, 375 
results for the executive function domain in the current study should be interpreted with caution; 376 
even after transformation, there was still a slight violation of normality. General conclusions 377 
should be based on our primary outcome, the standardized global cognitive functioning score at 378 
26 weeks. 379 
The majority of participants in our study were female, Caucasian, and highly educated, all of 380 
which will impact the generalizability of our findings. We did not perform a full clinical or 381 
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neurological evaluation of study participants and thus we have a lower degree of certainty related 382 
to the cognitive status of our participants. The MoCA is highly sensitive in identifying 383 
individuals who exhibit subtle declines in cognition that may not be significant enough to 384 
warrant a dementia diagnosis, but may be indicative of underlying neurocognitive pathology 385 
(available at www.mocatest.org).  The MoCA test has been widely used to evaluate cognition 386 
and screen for cognitive impairment; the MoCA is available in 46 different languages and 387 
dialects, has been used in 100 countries worldwide, and is recommended as an appropriate 388 
cognitive screening tool by the Canadian Consensus Conference for Diagnosis and Treatment of 389 
Dementia Guidelines for Alzheimer’s disease and the National Institutes of Health and Canadian 390 
Stroke Consortium for Vascular Cognitive Impairment.  Although cut-off scores for probable 391 
MCI have been established (29), these appear to be highly population specific. For instance, 392 
there is evidence to suggest that demographic differences between the population that was used 393 
to create the normative data and those within a given study, may contribute to the inaccurate 394 
groupings (35). Thus, in our study, although we used a higher than standard cut-off on the 395 
MoCA, we feel that due to other factors, participants included in our study may be at increased 396 
risk for future cognitive decline. Other limitations of our study include that our 397 
neuropsychological battery did not include any cognitive tests covering visuospatial functioning; 398 
and the effect of our intervention on cognitive domains that have traditionally been found to 399 
benefit from aerobic exercise (e.g., executive function) (7) might have been attenuated due to the 400 
active nature of our participants at baseline. Finally, although the global cognitive function and 401 
verbal learning and memory results are promising, it is possible that contextual cues present 402 
during original learning (e.g., participants coming to the same location to meet the same 403 
assessor) may have directly influenced subsequent memory performance (19).  404 
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Recent reviews (25) have drawn attention to the limited number of investigations on the effects 405 
of exercise in older adults that include active control group comparisons, and have recommended 406 
that future studies address this issue. Furthermore, the inclusion of an active control group 407 
similar to that used in our study (i.e., exercise only group), allows for the control of 408 
environmental factors (e.g., social interaction provided by exercise classes). Additional strengths 409 
of our study include the wide range of cognitively challenging questions that were used for the 410 
EDT group intervention, in order to maintain interest and avoid category-specific practice 411 
effects. Further, questions used during the intervention were not repeated as part of the 412 
assessments. 413 
With the global population aging, there is a growing urgency to identify the most effective 414 
strategies to prevent cognitive decline.  Results from our study indicate that 26 weeks of 415 
standard, group-based exercise for older adults combined with dual-task training (i.e., beginner-416 
level square-stepping exercise with simultaneous cognitive challenges) can lead to greater 417 
improvements in global cognitive functioning, when compared to a standard group-based 418 
exercise program alone. Results from our study corroborate the safety of square-stepping 419 
exercise as an exercise program and contribute to its further definition as a cognitive training 420 
intervention for older adults.  421 
Acknowledgments: 422 
The study authors would like to thank study participants and staff at the Canadian Centre for 423 
Activity and Aging at Western University. In addition we would like to thank the following 424 
research staff: Joe DeCaria, Ashleigh De Cruz, Lee Gonzalez, Noah Koblinsky, Heather Morton, 425 
Stephanie Muise, and Shannon Belfry.  The results presented herein are preliminary, and do not 426 
constitute an endorsement by the American College of Sports Medicine. 427 
 19 
Funding: 428 
This study was supported by an Operating Grant from the Canadian Institutes of Health Research 429 
(Grant number: 130474), a Team Grant from the Canadian Institutes of Health Research (Grant 430 
number: 201713) and by the Fellowship in Care of the Elderly Research, a training award 431 
through the Aging, Rehabilitation, and Geriatric Care Research Centre of the Lawson Health 432 
Research Institute in partnership with the St. Joseph’s Health Care Foundation. 433 
Conflict of Interest: 434 
The study authors have no relevant conflicts of interest to report. Results of the is study do not 435 
constitute endorsement by the American College of Sports Medicine.  436 
 20 
References:  437 
1. Baker LD, Frank LL, Foster-Schubert K, et al. Effects of aerobic exercise on mild 438 
cognitive impairment: a controlled trial. Arch Neurol 2010;67(1):71-79. 439 
2. Barnes DE, Santos-Modesitt W, Poelke G, et al. The Mental Activity and eXercise (MAX) 440 
trial: a randomized controlled trial to enhance cognitive function in older adults. JAMA 441 
Intern Med 2013;173(9):797-804. 442 
3. Barnes DE, Yaffe K, Satariano WA, Tager IB. A longitudinal study of cardiorespiratory 443 
fitness and cognitive function in healthy older adults. JAMA 2003;51(4):459-465. 444 
4. Bugg JM, Head D. Exercise moderates age-related atrophy of the medial temporal lobe. 445 
Neurobiol Aging 2011;32(3):506-514. 446 
5. Canadian Centre for Activity and Aging Home Page [Internet]. London (ON): Canadian 447 
Centre for Activity and Aging; [cited 2015 Feb 1]. Available from: 448 
http://www.uwo.ca/ccaa. 449 
6. Canadian Centre for Activity and Aging Senior’s Fitness Instructors Course. [Internet]. 450 
London (ON): Canadian Centre for Activity and Aging; [cited 2015 Feb 1]. Available 451 
from: http://www.uwo.ca/ccaa/training/courses/sfic/index.html. 452 
7. Colcombe SJ, Kramer AF. Fitness effects on the cognitive function of older adults: A meta-453 
analytic study. Psychol Sci 2003;14(2):125-130. 454 
8. Colcombe SJ, Kramer AF, Erickson KI, et al. Cardiovascular fitness, cortical plasticity, and 455 
aging. Proc Natl Acad Sci U S A 2004;101(9):3316-3321. 456 
9. Colcombe SJ, Kramer AF, McAuley E, Erickson KI, and Scalf P. Neurocognitive aging 457 
and cardiovascular fitness: recent findings and future directions. J Mol Neurosci 458 
2004;24(1):9-14. 459 
 21 
10. Daviglus ML, Plassman BL, Pirzada A, et al. Risk factors and preventive interventions for 460 
Alzheimer disease: state of the science. Arch Neurol 2011;68(9):1185-1190. 461 
11. Erickson KI, Colcombe SJ, Wadhwa R, et al. Training-induced functional activation 462 
changes in dual-task processing: an FMRI study. Cereb Cortex 2007;17(1):192-204. 463 
12. Erickson KI, Voss MW, Prakash RS, et al. Exercise training increases size of hippocampus 464 
and improves memory. Proc Natl Acad Sci USA 2011;108(7):3017-3022. 465 
13. Fitzmaurice GM, Laird NM, and Ware JH: Modelling the Mean: analyzing response 466 
profiles. In Applied Longitudinal Analysis. Hoboken, NJ. John Wiley & Sons, 2011. p. 103-467 
140 468 
14. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for 469 
grading the cognitive state of patients for the clinician. J Psychiatr Res 1975;12(3):189-470 
198. 471 
15. Gates N, Fiatrone Singh MA, Sachdev PS, and Valenzuela M. The effect of exercise 472 
training on cognitive function in older adults with mild cognitive impairment: a meta-473 
analysis of randomized controlled trials. Am J Geriatr Psychiatry 2013;21(11):1086-1097. 474 
16. Gregory MA, Gill DP, and Petrella RJ. Brain health and exercise in older adults. Curr 475 
Sports Med Rep 2013;12(4):256-271. 476 
17. Hachinski V, Iadecola C, Petersen RC, et al. National Institute of Neurological Disorders 477 
and Stroke-Canadian Stroke Network vascular cognitive impairment harmonization 478 
standards. Stroke 2006;37(9):2220-2241. 479 
18. Hoyer WJ, Stawski RS, Wasylyshyn C, and Verhaeghen P. Adult age and digit symbol 480 
substitution performance: a meta-analysis. Psychol Aging 2004;19(1):211-214. 481 
19. Hupbach A, Hardt O, Gomez R, and Nadel L. The dynamics of memory: context-482 
 22 
dependent updating. Learn Mem 2008;15(8):574-579. 483 
20. Jessen F, Wolfsgruber S, Wiese B, et al. AD dementia risk in late MCI, in early MCI, and 484 
in subjective memory impairment. Alzheimers Dement 2014;10(1):76-83. 485 
21. Kelly ME, Loughrey D, Lawlor BA, Robertson IH, Walsh C, and Brennan S. The impact of 486 
cognitive training and mental stimulation on cognitive and everyday functioning of healthy 487 
older adults: A systematic review and meta-analysis. Ageing Res Rev 2014;15(2014):28-43. 488 
22. Kramer AF, Bherer L, Colcombe SJ, Dong W, and Greenough WT. Environmental 489 
influences on cognitive and brain plasticity during aging. J Gerontol A Biol Sci Med Sci 490 
2004;59(9):M940-M957. 491 
23. Lancet Neurology. A grand plan for Alzheimer’s disease and related dementias. Lancet 492 
Neurol 2012;11(3):201. 493 
24. Lautenschlager NT, Cox KL, Flicker L, et al. Effect of physical activity on cognitive 494 
function in older adults at risk for Alzheimer disease: a randomized trial. JAMA 495 
2008;300(9):1027-1037. 496 
25. Law LL, Barnett F, Yau MK, and Gray MA. Effects of combined cognitive and exercise 497 
interventions on cognition in older adults with and without cognitive impairment: A 498 
Systematic Review. Ageing Res Rev 2014;15(2014):61-75. 499 
26. Lawton MP and Brody EM. Assessment of older people: self-maintaining and instrumental 500 
activities of daily living. Gerontologist 1969;9(3):179-186. 501 
27. Monsell SE, Liu D, Weintraub S, and Kukull WA. Comparing measures of decline to 502 
dementia in amnestic MCI subjects in the National Alzheimer’s Coordinating Centre 503 
(NACC) uniform data set. Int Psychogeriatr 2012;24(10):1553-1560. 504 
28. Nagamatsu LS, Chan A, Davis JC, et al. Physical activity improves verbal and spatial 505 
 23 
memory in older adults with probable mild cognitive impairment: a 6-month randomized 506 
controlled trial. J Aging Res 2013;2013:861893. 507 
29. Nasreddine ZS, Phillips NA, Bedirian V, et al. The Montreal Cognitive Assessment, 508 
MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc 509 
2005;53(4):695-699. 510 
30. Nishiguchi S, Yamada M, Tanigawa T, et al. A 12-Week Physical and Cognitive Exercise 511 
Program Can Improve Cognitive Function and Neural Efficiency in Community-Dwelling 512 
Older Adults: A Randomized Controlled Trial. J Am Geriatr Soc 2015;63(7):1355-1363. 513 
31. Nouchi R, Taki Y, Takeuchi H, et al. Four weeks of combination exercise training 514 
improved executive functions, episodic memory, and processing speed in healthy elderly 515 
people: evidence from a randomized controlled trial. Age (Dordr) 2014;36(2):787-799. 516 
32. Pichierri G, Wolf P, Murer K, and de Bruin ED. Cognitive and cognitive-motor 517 
interventions affecting physical functioning: a systematic review. BMC Geriatr 518 
2011;11(1):11-29. 519 
33. Plassman BL, Langa KM, McCammon RJ, et al. Incidence of dementia and cognitive 520 
impairment, not dementia in the United States. Ann Neurol 2011;70(3):418-426. 521 
34. Radloff L. The CES-D Scale. A self-report depression scale for research in the general 522 
popualtion. App Psychol Measure 1977;1(3):385-401. 523 
35. Rossetti HC, Lacritz LH, Cullum CM, and Weiner MF. Normative data for the Montreal 524 
Cognitive Assessment (MoCA) in a population-based sample. Neurology 525 
2011;77(13):1272-1275. 526 
36. Ruscheweyh R, Willemer C, Kruger K, et al. Physical activity and memory functions: an 527 
interventional study. Neurobiol Aging 2011;32(7):1304-1319. 528 
 24 
37. Saczynski JS, Pfeifer LA, Masaki K, et al. The effect of social engagement on incident 529 
dementia: the Honolulu-Asia Aging Study. Am J Epidemiol 2006;163(5):433-440. 530 
38. Schoenberg MR, Dawson KA, Duff K, Patton D, Scott JG, and Adams RL. Test 531 
performance and classification statistics for the Rey Auditory Verbal Learning Test in 532 
selected clinical samples. Arch Clin Neuropsychol 2006;21(7):693-703. 533 
39. Shigematsu R. Effects of Exercise Program Requiring Attention, Memory and Imitation on 534 
Cognitive Function in Elderly Persons: A Non-Randomized Pilot Study. J Gerontol 535 
Geriatric Res 2014;03(02):147. 536 
40. Shigematsu R, Nakanishi R, Saitoh M, et al. [Reasons for older adults independently 537 
continuing exercise after a supervised Square-Stepping Exercise intervention]. Nihon 538 
Koshu Eisei Zasshi 2011;58(1):22-29. 539 
41. Shigematsu R, Okura T, Nakagaichi M, et al. Square-stepping exercise and fall risk factors 540 
in older adults: a single-blind, randomized controlled trial. J Gerontol A Biol Sci Med Sci 541 
2008;63(1):76-82. 542 
42. Smith JC, Nielson KA, Antuono P, et al. Semantic memory functional MRI and cognitive 543 
function after exercise intervention in mild cognitive impairment. J Alzheimers Dis 544 
2013;37(1):197-215. 545 
43. Stuckey M, Knight E, and Petrella RJ. The step test and exercise prescription tool in 546 
primary care: a critical review. Crit Rev Phys Rehab Med 2012;24(1-2):109. 547 
44. Tanaka H, Monahan KD, and Seals DR. Age-predicted maximal heart rate revisited. J Am 548 
Coll Cardiol 2001;37(1):153-156. 549 
45. Teixeira CVL, Gobbi S, Pereira JR, et al. Effects of square-stepping exercise on cognitive 550 
functions of older people. Psychogeriatrics 2013;13(3):148-156. 551 
 25 
46. Ten Brinke LF, Bolandzadeh N, Nagamatsu LS, et al. Aerobic exercise increases 552 
hippocampal volume in older women with probable mild cognitive impairment: a 6-month 553 
randomised controlled trial. Br J Sports Med 2014;bjsports-2013.:1-10. 554 
47. Thompson WR, Gordon NF, and Pescatello LS. American College of Sports Medicine’s 555 
Guidelines for Exercise Testing and Prescription. 8th ed. Baltimore (PA): Lippincott 556 
Williams & Wilkins, 2010. 54 p. 557 
48. Tombaugh TN. Trail Making Test A and B: normative data stratified by age and education. 558 
Arch Clin Neuropsychol 2004;19(2):203-214. 559 
49. Tombaugh TN, Kozak J, and Rees L. Normative data stratified by age and education for 560 
two measures of verbal fluency: FAS and animal naming. Arch Clin Neuropsychol 561 
1999;14(2):167-177. 562 
50. Tsai CL, Wang CH, Pan CY, and Chen FC. The effects of long-term resistance exercise on 563 
the relationship between neurocognitive performance and GH, IGF-1, and homocysteine 564 
levels in the elderly. Front Behav Neurosci 2015;9:23. 565 
 566 
 567 
 568 
 569 
 570 
 571 
 572 
 573 
 574 
 575 
 26 
Figure Legends (with Titles) 576 
 577 
Figure 1: Flowchart for the Healthy Mind, Healthy Mobility (HM2) trial. Participant flow 578 
for the 26-week randomized controlled trial, with a 26-week follow-up period. This trial 579 
followed a parallel-groups design whereby participants were randomized (1:1) to either the 580 
exercise intervention (Exercise + Dual-Task) or exercise control (Exercise Only) group. 581 
 582 
Figure 2: Effects of interventions on standardized Global Cognitive Function (CGF) 583 
composite score. From baseline (V0) to 26-weeks (V2), change in the standardized GCF score 584 
was significantly greater in the Exercise + Dual-Task group, compared to the Exercise Only 585 
group. This significant difference between groups was not present at 12-weeks (V1) or at 52-586 
weeks (V3). 587 
 588 
Figure 3: Effects of interventions on standardized Executive Function (EF), Processing 589 
Speed (PS), Verbal Learning and Memory (VLM) and Verbal Fluency (VF) scores. There 590 
were no significant differences between groups at any of the time points for EF and PS domain-591 
specific scores. From baseline (V0) to 12-weeks (V1), 26-weeks (V2), and 52-weeks (V3), 592 
changes in the standardized VLM scores, as well as VF scores were significantly greater in the 593 
Exercise + Dual-Task group, compared to the Exercise Only group.  594 
 595 
  596 
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SDC 1- Figure: Schematic of Square-Stepping Exercise. Example beginner patterns are 598 
presented. 599 
SDC 2– Table: Description of Interventions by Group.  A description of the exercise + dual-600 
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Table 1. Baseline Characteristics of 44 Study Participants by Randomization Groupa 
 
Characteristic EO Group 
(n = 21) 
EDT Group 
(n = 23) 
Age, mean (SD), y 74.5 (7.0) 72.6 (7.4) 
Female sex, No. (%) 15 (71.4) 15 (65.2) 
Education, mean (SD), y 15.8 (2.3) 17.1 (2.6) 
Caucasian race, No. (%) 21 (100) 22 (95.7) 
Memory worse (ref: 5 y ago)b, No (%) 11 (52.4) 13 (56.5) 
MMSE score, mean (SD) 28.9 (1.3) 28.7 (1.0) 
MoCA score, mean (SD) 24.7 (1.7) 25.1 (2.1) 
Fitness (pVO2max) score, mean (SD) 27.6 (10.3) 27.8 (8.6) 
Body mass index, mean (SD) 27.2 (3.9) 27.7 (4.4) 
Medical history, No. (%)   
    Hypertension 10 (47.6) 9 (39.1) 
    Hypercholesterolemia 8 (38.1) 10 (43.5) 
    Type 2 Diabetes 4 (19.0) 1 (4.3) 
    Myocardial infarction 3 (14.3) 0 (0) 
    Angina/Coronary Artery Disease 2 (9.5) 2 (8.7) 
    Former smokerc 10 (47.6) 13 (56.5) 
Abbreviation: EO, Exercise Only; ECM, Exercise + Dual-Task; MMSE, Mini-Mental Status 
Examination; MoCA, Montreal Cognitive Assessment; pVO2max, Predicted Maximal Oxygen 
Uptake 
aData were missing for pVO2max score in 2 participants and for body mass index in 1. 
Percentages are calculated excluding missing values (where applicable). 
bParticipants were asked to rate their memory on a scale of 5 (from much better to much worse) 
cThere were no current smokers in the study. 
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Table 2. Baseline Cognitive Scores by Randomization Group 
 
Cognitive Test 
EO Group 
 (n = 21) 
EDT Group 
(n = 23) 
Executive Function/ Mental Flexibility    
   Trails A, sec to complete 36.8 (17.3)a 29.8 (16.4)a 
   Trails B, sec to complete 80.9 (35.0)a 65.3 (42.6)a 
Processing Speed   
   DSST, no. correct  53.6 (12.2) 59.2 (12.3) 
Verbal Learning and Memory   
   AVLT, no. of words learned 43.6 (13.7) 42.3 (9.2) 
   AVLT, no. of words recalledb 7.7 (4.2) 8.2 (3.4) 
Verbal Fluency    
   No. of words, by category 19.5 (6.3) 19.7 (5.1) 
   No. of words, by letter 14.4 (4.2) 13.6 (3.9) 
Abbreviation: EO, Exercise Only; EDT, Exercise + Dual-Task; DSST, Digit Symbol 
Substitution Test; AVLT, Auditory Verbal Learning Test 
Note: Means (SD) are presented unless otherwise indicated.  
aMedians (Interquartile Range) presented due to skewness.  
bData missing for 1 participant.  
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 Table 3. Standardized Mean Change in Cognitive Scores at 26 weeks by Randomization Group 
 
 Mean Standardized Change at 26 weeks (95% CI)a  
Cognitive Test 
EO Group 
(n = 21) 
EDT Group 
(n = 23) 
Difference 
Between groups 
P Value 
 
Global Cognitive Function Compositeb 0.22 (0.08 to 0.36) 0.42 (0.29 to 0.55) 0.20 (0.01 to 0.39) 0.04 
Executive Function/ Mental Flexibilityc      
   Trails A, sec to complete -0.24 (-0.59 to 0.11) -0.37 (-0.69 to -0.05) -0.13 (-0.58 to 0.32) 0.56 
   Trails B, sec to complete -0.19 (-0.64 to 0.26) 0.18 (-0.24 to 0.59) 0.37 (-0.23 to 0.96) 0.22 
   EF/MF Composite -0.20 (-0.51 to 0.11) -0.09 (-0.38 to 0.19) 0.11 (-0.31 to 0.52) 0.60 
Processing Speed     
   DSST, no. correct (PS Composite) 0.39 (0.08 to 0.70) 0.33 (0.05 to 0.61) -0.06 (-0.48 to 0.36) 0.78 
Verbal Learning and Memory     
   AVLT, no. of words learned 0.56 (0.27 to 0.85) 1.19 (0.93 to 1.45) 0.63 (0.25 to 1.02) 0.002 
   AVLT, no. of words recalled 0.56 (0.22 to 0.89) 0.72 (0.41 to 1.02) 0.16 (-0.27 to 0.59) 0.45 
   VLM Composite 0.38 (0.18 to 0.58) 0.68 (0.50 to 0.86) 0.30 (0.04 to 0.56) 0.02 
Verbal Fluency      
   No. of words, by category 0.006 (-0.39 to 0.40) 0.54 (0.18 to 0.91) 0.54 (0.04 to 1.04) 0.04 
   No. of words, by letter -0.01 (-0.38 to 0.36) 0.65 (0.31 to 0.99) 0.66 (0.17 to 1.15) 0.009 
   VF Composite -0.03 (-0.33 to 0.27) 0.60 (0.32 to 0.87) 0.62 (0.22 to 1.02) 0.003 
Abbreviation: EO, Exercise Only; EDT, Exercise + Dual-Task; EF/MF, Executive Function/ Mental Flexibility; DSST, Digit Symbol 
Substitution Test; PS, Processing Speed; AVLT, Auditory Verbal Learning Test; VLM, Verbal Learning and Memory; VF, Verbal 
Fluency 
aCalculated from linear mixed effects regression models that included terms for time (0, 12, 26 and 52 weeks) and group x time 
interaction. P values reflect statistical significance of the group x time interaction at 26 weeks (i.e., difference between groups in mean 
change at 26 weeks). 
bFor comparability reasons with the other tests and cognitive domains, the Trails A and Trails B scores were reverse coded and then 
standardized for inclusion within the global cognitive functioning composite. 
cDue to non-normality, original scores were log transformed prior to standardization. 
Table 3
Analysed (n=23)
¨ Baseline data (n= 23)
¨ Baseline & 3-mo. data (n=22) 
¨ Baseline, 3-mo. & 6-mo. data (n=20)
¨ Baseline, 3-mo., 6-mo. & 12-mo. data (n=19)
Analysed (n=21) 
¨ Baseline data (n= 21)
¨ Baseline & 3-mo. data (n=17) 
¨ Baseline, 3-mo. & 6-mo. data (n=17)
¨ Baseline, 3-mo., 6-mo. & 12-mo. data (n=17)
Enrollment
Assessed for eligibility (n= 59)
Excluded (n= 15)
¨ Not meeting inclusion criteria (n= 13)
¨ Declined to participate (n= 2)
Randomized (n= 44)
Allocation
Analysis
Allocated to Exercise Intervention (Exercise + 
Dual-Task) Group (n= 23)
¨ Received allocated intervention (n= 22)
¨ Did not receive allocated intervention due to 
failure to attend classes (n=1)
Allocated to Exercise Control (Exercise Only) 
Group (n= 21)
¨ Received allocated intervention (n= 20)
¨ Did not receive allocated intervention due to 
failure to attend classes (n=1)
6-month intervention
Discontinued intervention (n= 2)
¨ Medical reasons (n=1)
¨ Personal reasons (n=1)
6-month follow-up period
Discontinued follow-up due to personal reasons 
(n= 1)
6-month intervention
Discontinued intervention due to medical reasons 
(n=3)
Follow-Up
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